Analysis described in the paper were made in the frame of the PROZA (Operational decisionmaking based on atmospheric conditions, http://projekt-proza.pl/) project co-financed by the European Union through the European Regional Development Fund. One of its tasks was to develop an operational forecast system, which is going to support different economies branches like forestry or fruit farming by reducing the risk of economic decisions with taking into consideration weather conditions. The main purpose of the paper is to describe the method of the MCSs (Mesoscale Convective Systems) tracking on the basis of the MSG (Meteosat Second Generation) data. Until now several tests were performed. The Meteosat satellite images in selected spectral channels collected for Central Europe Region for May 2010 were used to detect and track cloud systems recognized as MCSs in Poland. The ISIS tracking method was applied here. First the cloud objects are defined using the temperature threshold and next the selected cells are tracked using principle of overlapping position on consecutive images. The main benefit of using a temperature threshold to define cells is its efficiency. During the tracking process the algorithm links the cells of the image at time t to the one of the following image at time t+dt that correspond to the same cloud system. Selected cases present phenomena, which appeared at the territory of Poland. They were compared to the weather radar data and UKMO UM (United Kingdom MetOffice Unified Model) forecasts. The paper presents analysis of exemplary MCSs in the context of near realtime prediction system development and proves that developed tool can be helpful in MCSs monitoring.
MAIN GOALS
Analysis described in this paper were performed in the frame of PROZA (Operational decision-making based on atmospheric conditions, http://projekt-proza.pl/) project. One of its main purposes was to forecast severe weather conditions, which can be crucial for agriculture, forestry and fruit-farming. The main goal of the analysis presented in this paper is to take full advantage of various source of data to track possibly dangerous meteorological phenomena.
Nowadays, this problem has a very significant, practical meaning, because of many damages caused by severe weather in Poland. Use of different types of data increases reliability of tracking and forecasting and decreases risk of huge damages.
The paper refers to the PROZA's 1st tasks -development of the operational weather forecasts. System of sudden convective phenomena forecasting, detection and monitoring is one of the subject investigated in the frame of this task. Sudden storms generated during mesoscale convective systems (MCSs) evolution are one of the most dangerous atmospheric phenomena. Several case studies are being used for convective system classification and to define convection development precursors. The goal was to create a system, which could track (and forecast in a future) MCS occurrence on a territory of the eastern Europe in a real time based on MSG data. To perform some preliminary tests, archive MSG (Meteosat Second Generation) data has been analyzed. The paper presents results of this analysis made for the May 2010. Data sets for May have been chosen because large number of MCS is usually reported in this month.
MESOSCALE CONVECTIVE SYSTEMS (MCS) IN POLAND
MCS is a complex of thunderstorms, which are organized on a scale larger than individual thunderstorms. They usually last for several hours and appear mainly during warm seasons during the late afternoon and evening hours. This convective phenomena concern meso-Į and upper meso-ȕ scale, which correspond to the length-scale l between 2000 and 20 km (Cotton et al., 2011) . Despite relatively small size MCS are one of the most dangerous atmospheric phenomena and can cause severe weather like flash flooding, tornadoes and hail (Morel and Senesi, 2002a ) and bring huge damage in different economies branches like forestry or fruit farming (Pajek et al., 2008) . MCS forecasting is still a challenge, methods of MCS prognosis are based on real-time observations and knowledge of the environmental conditions (Ducrocq et al. 1998) . Taking into account current state-of-art and available data, the optimal method should take advantage of various source of data (satellite images, radar data). Radar data were used e.g. in analysis concerning relationship between MCS and radar data (Houze et al., 1990) . This study however focuses on the MSG data analysis.
Characteristic of European MCS were described in details in (Morel and Senesi, 2002b) . In Europe MCS have smaller sizes (in comparison with e.g. the ones observed in America). They occur mainly over Mediterranean area. This study focused on the area of the Eastern Europe (mainly Poland). In Poland MCSs number and sizes are much lower, but many cases proved that they can cause significant damages (Pajek et al., 2008, www.imgw.pl) . In our studies we took into consideration the phenomena of about 600 kilometers length-scale and smaller. This paper employs methodology developed by (Morel and Senesi, 2002a ), who created and described MCS database using Meteosat infrared channel (IR10.8) images. They studied five warm seasons from 1993 to 1997 over Europe, the western Mediterranean and north Africa. As they proved, Meteosat channel 9 (10.8 μm) is self-sufficient in the discrimination of MCSs, so the analysis presented here has been performed using this type of data.
ISIS CLOUD TRACKING METHOD
Numerical weather prediction models do not provide sufficient information with regards to the MCS track forecasts, therefore the MSG images observations are used in this study. The ISIS (Instrument de Suivi dans l'Imagerie Satellitaire) cloud tracking method was applied. It is based on the overlapping of cells (cloud systems as connected sets of pixels) on the consecutive images. ISIS method takes also into consideration an estimated movement of cloud (Morel and Senesi, 2002a) . During the tracking process the cells of the image at time t are linked to the one of the following image at time t+dt that correspond to the same cloud system. The algorithm handles splits and merges of cells, takes cell movement into account and has three parameters: the brightness temperature (which corresponds to the temperature between -30°C and -55°C), area (due to Senesi, 2002a, 1000 or 5000 km 2 is used in practice, but here also smaller phenomena were analyzed) and a minimum overlapping thresholds. After detection of a cloud system it is tracked on the following images using ISIS method to create its trajectory. This tracking method was implemented for the purpose of analysis of the MSG data with 5 minutes temporal resolution. For the MCSs tracking only infrared (10.8μm) MSG images were used, as (Morel and Senesi, 2002a) proved that this channel is sufficient for this purpose. As a tool a dedicated software (HDF View) has been created (the name is the same as the popular HDF Group's tool). It has been written in C++ and compiled for Linux and Windows operating systems.
DESCRIPTION OF THE DATA USED FOR ANALYSIS
For the purpose of MCS monitoring MSG data were used. Radar data and United Kingdom MetOffice (UKMO) Unified Model (UM) forecasts were used to check the mutual agreement of different types of data.
The archive MSG data were taken from the EUMETSAT data centre. They were gathered between 1 st and 31 st of May and between 1 st and 31 st of August, 2010 by SEVIRI (Spinning Enhanced Visible and Infrared Imager) radiometer placed on the Meteosat-8 (MSG1) with 5 minutes temporal resolution. Concerning PROZA's area of interests only the Europe area was selected (mainly territory of Poland and other Baltic basin countries). These data were processed to Level 1.5 (MSG15) and delivered in HDF5 format. Level 1.5 stands for the result of the raw satellite data processing. Such images are corrected for radiometric and geometric effects, geolocated using a standardised projection, calibrated and radiancelinearised (EUMETSAT, 2013) . Images show temporary cloudiness. This data were analyzed in the context of MCS using mainly the criteria of temperature (between -35° and -55°C) and area threshold. Because of a small number of mesoscale phenomena, some smaller cloud system, which could be possibly related not only to sudden storms and rainfalls, but also some smaller precipitation, were also taken into account.
Primary radar observations used in our study consist of 15 minutes reflectivity data collected from all radars operated in the area of Baltic Sea catchment. These data are integrated into 1h precipitation accumulations using a standard Z-R relationship. Radar-based rainfall fields are estimated by recalibration of the reflectivity Z -rainfall rate R relationship on the basis of ground measurements provided by a rain gauge network (Alfieri et al., 2010) . Images present reflectivity for the specified moment with the 2 km spatial resolution.
Third source of data is United Kingdom Met Office UM weather forecast model (Unified Model, http://www.metoffice.gov.uk). In the year 2010 the 6.6 version of the UM has been explored operationally at the ICM UW. The model solves the nonhydrostatic equations in Central Europe domain with 4 km gridpoint distances. The moist explicit physics and explicitly solved convection are main features of this version of the UM model. Images 4, 8 and 12 present 1h precipitation accumulations.
Analysis of various source of data give wider outlook at the investigated phenomenon, as each kind of data complements each other and gives a possibility to verify the results. All of them give an opportunity to detect severe weather condition: cloud systems related to storms and heavy rainfalls (MSG) and precipitation itself (radar data and UM forecasts).
EXAMPLES OF MCS -CASE STUDIES (COMPARISON OF MSG, UKMO AND RADAR DATA)
As the main data source MSG images were used. On the basis of the cells brightness temperature MCSs phenomena were detected and tracked. To verify this method the MSG data were compared with other source of meteorological data: precipitation from radar data and predicted precipitation from UM version 6.6 NWP (Numerial Weather Prediction) model.
Based on MSG images from May 2010 (infrared channel), HDF View software found and tracked (ISIS method) cells possibly related to the MCSs and could cause sudden and heavy rainfalls. Several cases from the whole Europe were analyzed, but due to availability of radar data (The Baltic Sea catchment) and the project PROZA purpose, only selected cases were chosen and presented here.
Planck's function Bv(T) describes amount of the energy per unit area, per unit solid angle, per frequency interval for black body radiation. This value is called specific brightness Bv (Rybicki and Lightman, 1985) : 1
where:
The corresponding parameter when investigating object other than blackbody is called specific intensity Iv.
Analysis were based on the brightness temperature parameter BT (equivalent blackbody temperature) assigned to the emission. Majority of objects obviously do not radiate like blackbodies, but brightness temperature can be useful parameter for describing their emission. It is introduced as follows: the observed specific intensity Iv matches the specific intensity of blackbody radiation at that frequency:
so the brightness temperature here means the best fit Planck's function temperature for measured radiance at the mentioned frequency.
Brightness temperature for all objects except blackbodies depends on the frequency v. With exactly defined scanning frequency, brightness temperature depends only on the temperature T. On the basis of the temperature T from MSG images, values of brightness temperature were calculated. Temperature of MCSs' top were converted to BT using EUMETSAT "Effective Radiance and Brightness Temperature Relation" tables (separate table for each MSG channel). This parameter was used to detect MSCs (Fig. 1, 5, 9 ). According to (Morel and Senesi, 2002a) it was assumed that temperature values between -30°C and -55°C (which correspond to the BT between 150 and 240K) should be investigated here.
This first case is the rainfall, which took place on the 24 th of May in the southern Poland. Six consecutive MSG images (13:30, 15:00, 16:30, 18:00, 19:30, 21 :00 UTC) are presented in the figure 1 (a-f) . Blue square indicates Poland area, while green and blue correspond to the area with the brightness temperature between 150 and 240. Darker color stands for the lower temperature (light green -temperature around -30°C, dark bluetemperature around -55°C). Temperature referred to the marked point for this period is presented on the plot in the Fig. 2 .
Figures 3 (a-c) present radar data (reflectivity in dBZ) and Figures 4 (a-c) -UM forecast for 15:00, 18:00 and 21:00 UTC. MSG images show that this cloud system is rather scattered and it is the widest around 15:00-16:30. The temperature of several points reaches -55°C. The radar data show some rainfalls (the strongest around 18:00 for the marked point), but their distribution is also very scattered. The UM forecasts also present strong rainfall in the analyzed area, but its culmination is around 21:00.
The second rainfall took place on the 18th of May in the southern Poland. Figures 5 (a-f) present six consecutive MSG images (01:30, 03:00, 04:30, 06:00, 07:30, 09:00 UTC). Blue square indicates Poland area, while green and blue correspond to the area with the brightness temperature between 150 and 240. Temperature referred to the marked point for this period is presented on the plot in the Figure. 6. Figures 7 (a-c) present radar data (reflectivity in dBZ) and Figures 8 (a-c) -UM forecast for 03:00, 06:00 and 09:00 UTC. The MSG images present quite strong and compact structure, which is the biggest around 09:00. Radar data proves that there was a strong rainfall in southern and central Poland then and this is in high agreement with UM forecast.
The third analyzed case is a precipitation, which took place on the 12th of May in the northern Poland. Figures 9 (a-f) present six consecutive MSG images (13:30, 15:00, 16:30, 18:00, 19:30, 21:00 UTC). As previously, blue square indicates Poland area, while green and blue correspond to the area with the brightness temperature between 150 and 240. Temperature referred to the marked point for this period is presented on the plot in the Figure  10 . Figures 11 (a-c) present radar data (reflectivity in dBZ) and Figures 12 (a-c) -UM forecast for 15:00, 18:00 and 21:00 UTC. The MSG data show a scatter cloud structure with very low temperatures (-55°C) mainly between 13:30 and 16:30. The radar images show that there were many rainfalls in Poland on that time, but had rather local character. Similar situation is presented on figures with UM forecasts. These types of data prove that this phenomenon cannot be classified as MCS.
When comparing various source of data one have to remember that they have different nature: MSG images provide meteorological observation of cloudiness using different spectral channels (for above investigations only infrared 10.8 μm channel was used as self-sufficient for MCS detection), radar data present reflectivity, which is used to calculate total precipitation, which took place and NWP (Numerical Weather Prediction) models shows forecasts of precipitation. The comparison of real (occurring) and predicted phenomena causes some time shift concerning analyzed meteorological situation. Use of various types of data enables proper detection of MCS and their tracking. (Fig. 2) . 
CONCLUSIONS AND OUTLOOK
The paper presents examples of some preliminary analysis made for the territory of Poland in the context of sudden atmospheric phenomena prediction based on different types of data. Due to lack of very strong mesoscale events in the analyzed period some smaller storms and rainfalls were also investigated. Based on MSG infrared channel images areas possibly related to MCS were recognized and compared to the UM forecasts and radar data (precipitation that in fact occurred in this area). The investigations present usability of ISIS method for MCS detection and tracking in Poland. Comparison of various type of data (MSG images, radar data and UM forecasts) allow to verify the conclusions drawn on the basis of MSG data analysis.
Described phenomena lasted for several hours and all appeared in May 2010 (during warm season). Two of three were observed during late afternoon and evening hours. Their extent is relatively small and correspond to the length-scale l between 2000 and 20 km, so these criteria allow to assign them as MCS. On the other hand, on the basis of radar data and UM forecast it can be seen that case study 3 does not present well-defined, individual thunderstorm, but rather multiple, scattered precipitation. In fig. 12 a-c it can be observed that the strongest precipitation was placed outside Poland and that MCS should be detected in different area.
MSG data allow to simply distinguish area with specific BT (here between 150 and 240K). One of the limitations of the MSG data analysis presented in this paper is that information about BT is not enough for the MCSs detection. In addition, study on the shape and dimension of the selected area is necessary to identify MCS. Radar data give information about reflectivity as the measure of precipitation intensity in specified moment of time and numerical forecasts about the precipitation amount per specified period of time, usually 1 hour. Radar and MSG data show the actual situation, UM model gives forecasts (less reliable, but information is given in advance; the verification of UM forecasts can be found at http://weryfikacja.icm.edu.pl), so radar data can be a reference for the exact precipitation localization.
As it was shown, some phenomena described as MCS on MSG images appear to be smaller, spatially scattered precipitation when verifying them with other source of information. The main conclusion is that use of more than one source of data (e.g. MSG images and weather model forecast) gives higher probability of reliable MCS tracking, because different techniques complement each other. MSG data are, however, a very valuable source of information to study MCS precursors.
Analysis presented here play a role of the introduction for near real-time MCS prediction system development, which could help to make decisions related to weather conditions in the forestry, agriculture, energy industry and many others fields. The next goal is to build a system, which could help to make decisions related to weather conditions in the forestry, agriculture, energy industry and many others fields. The most reliable method would be to take advantage of all possible types of data and to crate fully-automatic tool to predict sudden atmospheric phenomena.
